Abstract -Genetically modified herbicide-tolerant oilseed rape or canola (Brassica napus L.) is at the forefront of being introduced into European agriculture. Concerns have been raised about how genetically modified oilseed rape cultivation and the modified cropping practices might impair the agro-environment. The present review compiles and categorises evidenced and potential agro-environmental effects of cultivating genetically modified oilseed rape and assesses the data quality of published references. Cropping practice changes were identified for (a) the introduction of genetically modified oilseed rape cultivation per se, (b) time, mode and rate of herbicide application, and spraying frequencies, (c) soil tillage and cover crops, (d) crop rotations and (e) coexistence measures to avoid mixing of genetically modified and non-genetically modified cultivation systems. Agro-environmental effects identified are directly linked to the herbicide tolerance technology and may impact ecological processes on various scales. The herbicide-tolerant oilseed rape biology, genotype and co-existence constraints with neighbouring agricultural systems also entail various agro-environmental effects. The potential and especially the well-evidenced adverse effects on the agroenvironment, according to European legislation, require a systematic monitoring of genetically modified oilseed rape. The most evidenced adverse effects to be monitored are persistence and/or spread of feral herbicide-tolerant oilseed rape and volunteers, transfer of herbicide tolerance to wild relatives and decline in agrobiodiversity, and development of herbicide tolerance in weeds, as well as adverse effects on field organisms and/or soil bio-geochemical cycles. Other well-evidenced potential adverse effects include reduced crop rotation options, increased late-season herbicide drift and pollution, and implications for microbial and faunal activities due to altered agrochemical profiles, as well as implications of feral herbicide-tolerant oilseed rape on neighbouring habitats. oilseed rape / canola / genetically modified herbicide tolerance / agricultural practice / agro-environmental effects / monitoring
INTRODUCTION
Introducing genetically modified (GM) crops with new traits implies changing farming practices. Among the commercially cultivated GM crops, herbicide tolerance is the dominant trait (68% area), followed by insect resistance (19% area) (James, 2006) . Of the GM herbicide-tolerant (GMHT) plant species with tolerance to either glufosinate or glyphosate, oilseed rape and its canola cultivars cover 5% of the global biotech area of 102 million hectares. 18% of the 27 million hectares of cultivated oilseed rape is genetically modified. However, growing interest in biofuels is expected to boost oilseed rape acreage and the proportion of biotechnology involved. Graef et al., 2007) . discuss a number of indirect agro-environmental effects of their cultivation; for instance, transfer of HT to volunteers or wild relatives by vertical gene flow through pollination and the subsequent formation of interspecific hybrids. Interpreting those effects as solely due to HT plant cultivation is challenging due to the ongoing change of production factors in agricultural practice (Robinson and Sutherland, 2002) , inherently involving many degrees of freedom.
In accordance with the precautionary principle, the Directive 2001/18/EC regulates the release of GM crops into the agro-environment, applying a step-by-step approval process (European Commission, 2001) . Environmental GM crop releases thus need to be accompanied by environmental monitoring to detect potential adverse effects, either direct or indirect, immediate or delayed, on human health and the environment. These adverse effects, for instance, are unacceptable levels of gene flow from GM crops to wild relatives, their spread in the environment or adverse effects on single species or species groups, thus reducing biodiversity. With respect to potential adverse environmental effects of GMHT crops at present, there is an overlapping of competencies between the pesticide Directive 91/414/EEC (European Commission, 1991) and the Directive 2001/18/EC on the deliberate release of GMOs. Some of the agro-environmental effects discussed in the following will thus fall into the remit of the pesticide directive.
This review paper systematises and categorises pathways of both direct and indirect potential and evidenced agroenvironmental effects of practice changes when introducing GMHT oilseed rape in European agriculture. It does not cite literature where no agro-environmental effects have been recorded, and thus targets issues relevant for GM crop monitoring (European Commission, 2001 ). The sampled indicators, sampling methods and data quality of the literature are evaluated to indicate the evidence for identified effects, which subsequently can be selected for the obligatory monitoring of GM crops.
The term 'agro-environment' for this review is defined as the area cultivated with GMHT oilseed rape along with neighbouring fields and biotopes. The term 'oilseed rape' in the following includes the canola cultivars. The term 'direct effects' is defined as intended results from practice changes, whereas the term "indirect effects" is defined as unintended consequences of either practice changes or preceding intended direct agroecosystem effects.
METHODOLOGY OF CATEGORISING CHANGES AND AGRO-ENVIRONMENTAL EFFECTS
Practice changes may induce different pathways of agroenvironmental effects (Senior and Dale, 2002; Squire et al., 2003) . It is therefore necessary to categorise practice changes and respective effects on the agro-environment and indicate their pathways using hierarchies (Hayes et al., 2004) and schemes of influencing factors (Graef et al., 2007) . However, there is an inherent abundance and diversity of direct and indirect pathways that may be triggered by a single practice change (Fig. 1) . Direct effects are directly connected to a practice change, whereas indirect effects occur as a result of preceding direct effects. For instance, the HT technology enhances weed suppression (Owen, 1999) and may reduce erosion due to denser plant cover (Agronomy guide, 1999 (Agronomy guide, /2000 , but may increase herbicide drift because spraying height is increased due to later-season spraying along with further developed, higher crops (Johnson, 2001) . On the other hand, many different changes in agricultural practice may lead to a single agro-environmental effect only; for instance, a decline in agrobiodiversity (Benton et al., 2002; Firbank and Forcella, 2000) .
The present review therefore hierarchically categorises practice changes and agro-environmental effects as strictly as possible. Practice changes and agro-environmental effects may entail indirect changes and indirect agro-environmental effects, respectively, because many pathways have multiple implications and vice versa. This leads to redundant information. Thus, to avoid inflating information this categorisation was not followed exclusively and fully consistently (Tab. I). Evidence of observed practice changes and agro-environmental effects was approximated from the referenced sources using evaluation scores for different quality aspects (Krayer von Krauss et al., 2004) .
PRACTICE CHANGES WITH GMHT OILSEED RAPE CULTIVATION
Cultivating GMHT rape instead of conventional rape may lead to direct, indirect, immediate, delayed and/or cumulative practice changes. They can be categorised into the following groups: (a) the introduction of GMHT oilseed rape cultivation, (b) time, mode and rate of herbicide application, and spraying frequencies, (c) soil tillage and cover crops, (d) crop rotations and (e) coexistence measures to avoid mixing of GM and non-GM cultivation systems. Table I presents an overview of practice changes with the implementation of GMHT oilseed rape cultivation and their agro-environmental effects.
Introduction of GMHT oilseed rape cultivation
GMHT oilseed rape is not yet authorised for commercial cultivation in Europe but has been cropped for 10 years in the USA and Canada (Benbrook, 2004; James, 2006) . In European agriculture it will introduce a new weed control technology, altering existing cropping systems (Canola Council of Canada, 2001; van Acker et al., 2003) . Together with the increased acreage of HT oilseed rape, the overall cropping frequency of oilseed rape over the years may increase; at the expense of conventional oilseed rape varieties, the summer fallow acreage may also be reduced (Schütte et al., 2004) . Due to increased weed suppression, GMHT oilseed rape cultivation can be expanded to areas which were not suitable for oilseed cultivation before .
Time, mode and rate of herbicide application, and spraying frequencies
In HT oilseed rape cultivation, herbicides with a wide spectrum of activity -glyphosate or glufosinate -are often applied at the post-emergence stage until early bolting. Timing is more flexible and the application of only one herbicide simplifies weed control Hin et al., 2001) . In a few cases, due to the low residual activity of the active ingredients two applications may become necessary (Pallutt and Hommel, 1998; Beckie et al., 2006) . In conventional agriculture either glyphosate or glufosinate are applied at the preseeding or preemergent stage to clear fields before crop emergence, preharvest as dessicants and postharvest for volunteer control.
With HT oilseed rape, the intention is to reduce the number of spraying rounds (Madsen et al., 1999 ) and the active ingredient (ai) amount and to rely preferably on one broadband herbicide only, which reduces work and costs to farmers Canola Council of Canada, 2001) . During the first years of cultivating GMHT oilseed rape, most farmers reduce ai rates and application frequencies (Brimner et al., 2005; Champion et al., 2003; Benbrook, 2004) . After years of continued cultivation in some areas (a) weeds may become herbicide-tolerant through natural adaptation and selection pressure, especially if different HT crops resistant to the same herbicide are cultivated in the same rotation Devos et al., 2004; Hayes et al., 2004; Service, 2007) , (b) HT oilseed rape volunteers may occur in subsequent rotations due to harvest seeds falling to the ground Légère, 2005) (Fig. 2) , (c) HT volunteers may evolve in non-HT oilseed rape fields due to pollenmediated gene flow from neighbouring HT oilseed rape fields and due to neighbouring volunteers resulting from HT oilseed rape seed banks and seed impurities (Damgaard and Kjellsson, 2005; Gruber and Claupein, 2007; Pekrun et al., 2005) , (d) HT weedy relatives (Daniels et al., 2005) or interspecific hybrids (Devos et al., 2004) may evolve due to pollen-mediated gene flow, (e) the composition of weed communities can change (Cerdeira and Duke, 2006; Beckie et al., 2006) and (f) multiple HT oilseed rape may develop due to pollen-mediated gene flow from neighbouring HT oilseed rape fields (Hall et al., 2000) . Consequently, ai rates, application frequencies and numbers of ai may increase again, particularly in lowdisturbance seeding systems (Senior and Dale, 2002) . Table I . Evidence of agro-environmental effects resulting from practice changes with increased GMHT oilseed rape cultivation and evaluation of data quality (adapted from Graef et al., 2007 ; Krayer von Krauss et al., 2004; Squire et al., 2003 , 3, 4, 5, 6, 7, 9, 10, 25, 37, 38, 39, 40,46, 49 3,3,3,3,3,3,3,3, 2,2,3,3, 3 "Method" refers to the quality, mode and accuracy of the methodological design and to the degree to which empirical or expert observations have been used to produce the data (3: wellestablished method and precise experiments, 2: acceptable method, indirect measurements, modelled or expert-based data, 1: preliminary methods, thumb estimates).
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"Data validation" describes the statistical design, number of replications, spatio-temporal representativeness (3: well-established statistical design, cross-checks against independent sources, long period, 2: existent statistical approach, few replications, not independent measurements, shorter period, review of case studies, 1: weak and indirect validation).
6 "Overall evidence" is calculated from the sum of maximum scores per single source.
Tillage and cover crops
Conservation tillage, no-tillage and cover crops help to prevent soil erosion and generate a higher soil bioactivity (Cerdeira and Duke, 2006; Duke, 1999) . HT crops facilitate the use of enhanced crop cover and no-tillage or reducedtillage, minimising weed pressure (Légère, 2005; Pekrun et al., 2005) . Because it requires less tractor use, the practice reduces soil compaction. The use of no-tillage or reduced-tillage systems has greatly increased since the introduction of HT crops (Service, 2007) . In present European agriculture, glyphosate is sprayed pre-seeding in reduced-till systems and on fallow land; with HT oilseed rape the herbicide is applied after crop emergence. In Canada the recommended integrated weed management is not largely practised , but HT oilseed rape is often grown in weedy fields to reduce the weed seed bank in subsequent years. If HT weeds and HT oilseed rape volunteers in the followcrops develop, the necessary control is likely to trigger more intensive tillage (Gruber et al., 2004) .
Crop rotations
Crop rotations help control pests, diseases and weeds and can save pesticides and fertilisers. With GMHT oilseed rape, both additional and less crop species can be expected for future rotations (Schütte et al., 2004) . Seed dispersal of oilseed rape may lead to HT volunteers in subsequent crops of the rotation (Colbach et al., 2005; Gruber et al., 2004 , Sweet et al., 2004 , which may require specific measures such as wider rotations or crops with other HT traits. In general, most dispersed oilseed rape seeds germinate rapidly, either during the late season or in the following year. However, in case seeds get into deeper soil layers through deep ploughing secondary dormancy can be induced (Devos et al., 2004; Pekrun et al., 2005) . As a result, seeds can persist for years in the soil. After growing GMHT oilseed rape, returning to a conventional oilseed rape in the crop rotation may become difficult due to HT volunteers and their seed admixture in the harvest (Messéan et al., 2007) .
Coexistence requirements
A number of practice changes may also become necessary due to coexistence requirements with GMHT oilseed rape cultivation to avoid GM material presence in non-GM crop production (Devos et al., 2005; European Commission, 2003b; Schiemann, 2003) . They generally aim at reducing vertical gene flow to avoid contamination of non-GMHT oilseed rape; for instance, by increasing the time span between successive rape varieties, isolating fields of GM oilseed rape and introducing isolation distances, modified tillage, and sowing and harvesting at a modified time schedule using other varieties (Colbach et 
EFFECTS OF PRACTICE CHANGES ON THE AGRO-ENVIRONMENT AND IMPLICATIONS FOR COEXISTENCE
Analogously to the practice changes with the introduction of GMHT oilseed rape, potential direct, indirect, immediate, delayed and/or cumulative agro-environmental effects may occur. We followed a hierarchical categorisation (Tab. I), although in some cases it is difficult to distinguish between practice changes and agro-environmental effects because the latter may also be perceived as indirect practice changes (Graef et al., 2007) triggered by GMHT oilseed rape cultivation. One example is potential changes in tillage systems and crop rotations to control volunteers. Some effects on the agro-environment may be induced by several different direct or indirect mechanisms that may work singly or cumulatively. For instance, the potential decline in agrobiodiversity inter alia may result from increased weed suppression, decreased crop species diversity or change in the agrochemical profile Owen and Zelaya, 2005; Squire et al., 2003) . A number of agro-environmental effects are restricted to the cultivated fields and field margins (Denys and Tscharntke, 2002) . Others may extend to neighbouring fields and/or habitats (Colbach et al., 2005) and to the wider environment (Züghart and Breckling, 2003; Crawley and Brown, 2004) . Whether effects of GMHT oilseed rape cultivation are considered as being positive, not relevant, relevant for monitoring or even meriting withdrawal of further approval is discussed further below. We grouped the potential agro-environmental effects into three categories.
Introduction of GMHT oilseed rape to the farming system and agro-environmental effects directly linked to the HT technology
A number of agro-environmental effects of the new technology have a predominantly agronomic relevance. More efficient weed suppression, for instance, is the most prominent aim and effect of the HT technology Bohan et al., 2005; Owen, 1999) . However, after applying this technology for several years, the potential challenges include, for instance, development of HT in weeds (Benbrook, 2004; Owen and Zelaya, 2005; Service, 2007) , a shift of weedy species and the weed seed bank Firbank et al., 2005; Cerdeira and Duke, 2006) , and the persistence of HT oilseed rape volunteers in subsequent rotations (Sweet et al., 2004; Gruber et al., 2004; Légère, 2005) . To control HT oilseed rape volunteers in followcrops, crop rotations have to avoid oilseed rape and the HT traits for longer periods and may have to change the tillage system (Colbach et al., 2005; Gruber et al., 2004) . This may affect field organisms and soil bio-geochemical cycles (McLaughlin and Mineau, 1995; Orson, 2002) . Increased ai amount, different types of herbicides or higher spraying frequency to control HT in weeds (Hayes et al., 2004; Schütte et al., 2004) may have various adverse side effects on agrobiodiversity. Post-emergent spraying enables the buildup of more biomass for feeding organisms until spraying (Werner et al., 2000; Strandberg et al., 2005) and reduces erosion due to more weed biomass and residues (Agronomy guide, 1999 (Agronomy guide, /2000 . However, post-emergent spraying may also increase herbicide drift into the agro-environment, for instance, due to increased spraying height (Johnson, 2001) . Post-emergent spraying also often entails a change in spray schedules of insecticides and fungicides, with potential implications for microbial and faunal activity Thorbek and Bilde, 2004) . The HT technology supports minimum till, which reduces soil erosion and compaction, and enhances soil biodiversity, but may increase the competitiveness of perennial weeds (Frick and Thomas, 1992; McLaughlin and Mineau, 1995) .
If the HT technology is widely adopted, herbicide and other pesticide applications in formerly uncultivated areas can be expected, for instance, where weed pressure has not yet allowed cultivation. This may have various potential effects on field organisms and soil bio-geochemical cycles even on a large scale (Benton et al., 2002; Cerdeira and Duke, 2006; Robinson and Sutherland, 2002) .
Impact on ecological processes on different scales
Direct agro-environmental effects of applying glyphosate and/or gyphosinate compared with other herbicides have been controversially discussed. Increased mortality of amphibians has been observed by Relyea (2005) and may be possible for other non-target organisms too (Richard et al., 2005; Züghart and Breckling, 2003) . Some studies, however, indicate less herbicide toxicity and persistency than other herbicides (Agronomy guide, 1999 (Agronomy guide, /2000 Squire et al., 2003) .
While the persistence of non-HT or HT oilseed rape has been evidenced in several habitats (Crawley and Brown, 2004) , its invasiveness has not yet been proved. Populations that have established outside the agricultural fields often become extinct after two to four years (Crawley and Brown, 2004) . Other studies suggest that feral oilseed rape populations can persist far longer (8-10 years) (Pessel et al., 2001) . Unless the habitats are disturbed on a regular basis (e.g. herbicide application, soil disturbance) or replenished with seed from seed spillage from passing traffic, feral oilseed rape populations will eventually be displaced. Feral oilseed rape populations thus have been reported along transport routes due to seed spillage (Garnier and Lecomte, 2006; Yoshimura et al., 2006) (Fig. 3) . Depending on the road management practices and herbicides used, the HT populations may persist longer than their non-GM counterparts may.
Oilseed rape has many cross-compatible wild relatives (Daniels et al., 2005) . However, viable hybrids that germinate, flower and develop viable seeds are only formed in a few cases; for instance, with Brassica rapa. Nonetheless, crosscompatibility remains a major concern (Hayes et al., 2004) . Furthermore, HT oilseed rape, if it becomes invasive, may have various adverse effects on neighbouring habitats (Légère, 2005; Züghart and Breckling, 2003) .
A number of studies have detected changes in the agrobiodiversity as one of the most prominent effects with GMHT oilseed rape cropping (Bohan et al., 2005; Heard et al., 2003a,b; Watkinson et al., 2000) : HT allows more efficient weed control, leading to fewer surviving flowering plants to provide food for various feeding organisms. Overall, countryside biodiversity may also be affected over the long term, for instance, due to altering current herbicide management regimes or decreasing the number of cultivated crop species (Werner et al., 2000; Hails, 2002) .
Some effects, which are less specific for the HT trait but more of general ecological concern, were identified. But their long-term negative impact remains to be definitively proved; for instance, the pleiotropic and epigenetic genome effects of the GM plant (Regal, 1994) or the horizontal gene transfer of HT to microorganisms (Heinemann and Traavik, 2004) . Adverse effects may occur on decomposers and soil organisms (Heuer et al., 2002) , thus hampering soil functions or bio-geochemical cycles (Züghart and Breckling, 2003) . Squire et al. (2003) mention potential effects on sedentary invertebrate species, migratory and wide-ranging species, changed quality of leaf litter, altered crop competitiveness, and changed insect resistance.
HT oilseed rape biology, genotype and effects on coexistence with neighbouring agricultural systems
The specific oilseed rape biology, i.e. volunteer growth, the high rate of pollen spread and cross-pollination (Begg et al., 2006; Damgaard and Kjellsson, 2005 ) combined with F. Graef the modified HT genotype, is likely to impair co-existence with neighbouring non-GM agricultural systems (European Commission, 2003b; Schiemann, 2003) . The transfer of HT to neighbouring oilseed rape fields is well evidenced (Colbach et al., 2005; Daniels et al., 2005; Rieger et al., 2002) . Genes can be transferred by outcrossing and hybridisation with non-GM oilseed rape crop and wild relatives, and might increase crop and weed management efforts (Crawley and Brown, 2004; Wolfenbarger and Phifer, 2000) . Fitness parameters of GMHT oilseed rape and relative hybrids may be enhanced, especially if selection pressure through herbicide applications is applied, leading to invasiveness into both neighbouring fields and natural habitats (Wilkinson et al., 2000; Snow, 2003) . HT can also be transferred to volunteers and feral oilseed rape, which can backcross into non-GM oilseed rape (Züghart and Breckling, 2003) . Different HT cultivars grown nearby can develop stacked genes and lead to volunteer hybrids with multiple tolerances (Hall et al., 2000; Simard et al., 2005) . To avoid contamination of non-GMHT oilseed rape or to reduce it below a specified level of purity, a number of practice measures are being discussed (Devos et al., 2004; Gruber et al., 2004) .
These practice measures -for instance, increasing the time span within a crop rotation between successive rape varieties, isolation distances between GM and non-GM fields, pollen barriers, modified tillage, and sowing and harvesting at a modified crop development stage -can also trigger various agroenvironmental effects as mentioned above, depending on the type of measure (Werner et al., 2000; Champion et al., 2003; Squire et al., 2003) .
MONITORING REQUIREMENTS AND REFERENCE BASIS
According to the Directive 2001/18 /EC on the deliberate release of GMOs, monitoring of adverse effects of GMO cultivation must be based on good scientific practice (European Commission, 2001) . Whether adverse effects are considered relevant to be monitored is determined by an environmental risk assessment (e.r.a.) and by a decision-making process based on scientific evidence (Andow and Hilbeck, 2004; Damgaard and Lükke, 2001 ) and/or expert judgements (Krayer von Krauss et al., 2004; Hayes et al., 2004) . As experienced in the GMO debate so far, decisions will also largely depend on political and societal assessments such as defined standards for purity of seed (Devos et al., 2007; European Commission, 2003a) . Such decisions should also be made based on predefined thresholds of observed agroenvironmental effects. In some cases, the e.r.a. may also identify a need and methods for risk mitigation. Potential effects of large-scale cultivation to a small extent can be drawn from the limited-scale studies required prior to market releases (Mellon and Rissler, 1995; Lang, 2004; Faivre et al., 2004; Prasifka et al., 2005) .
It is important to note that some agro-environmental effects identified fall beyond the monitoring remit of the Directive 2001/18/EC of the deliberate release of GMOs. For instance, coexistence restraints such as outcrossing to neighbouring non-GM fields is considered as a socio-economic issue, and monitoring herbicide resistance in weeds should be monitored under the pesticide Directive 91/414/EEC.
Agro-environmental effects of GMHT oilseed rape cultivation compared with conventional oilseed rape or other crops are diverse und manifold. They are difficult to monitor because of constantly changing land use and cultivation systems and production factors (Gafsi, 1999; Senior and Dale, 2002) and shifting political frameworks (European Commission, 2003b; Gaskell and Tanner, 1991) . Coming new trait generations of GM crops will also have implications for crop management changes (Hails, 2002; Lheureux and Menrad, 2004) and subsequent monitoring activities. Cultivation systems may also differ depending on the ecoregion (Kropff et al., 2001) , requiring the inclusion of different types of spatial agro-ecological reference data (Graef et al., 2005a) . Changing crop management factors must be included as covariables in an adaptive GMO monitoring design (Stein and Ettema, 2003) using different spatial and temporal scales. Structured information from different agricultural systems is required as a covariable too, if possible using a typology (Orians and Lack, 1992; Landais, 1998) . The monitoring design also implies selecting different indicators depending on the respective scale level, for instance, the enterprise, the landscape or the state level (Osinski et al., 2003) . For the biometric analysis of monitoring data, this implies predefining a sufficient number of sites and replications, their spatial distribution, the indicator parameters measured, and their standard deviation. Here, power analysis can be used beforehand to achieve monitoring results with a tolerable error probability McDonald, 2003; Lang, 2004) .
ASSESSMENT ON EFFECT OF PRACTICE CHANGES AND IMPLICATIONS FOR MONITORING
As shown above, both adverse and positive agroenvironmental effects can be triggered by practice changes due to HT oilseed rape cultivation (Tab. I), whereby GMO monitoring will focus on detecting the adverse effects. Not every potential adverse effect related to GM cropping can be monitored.
Therefore, prioritising and selecting potential adverse effects and related responsive indicators thereof are required. The prioritisation in this review is done by applying the criteria (a) agro-environmental damage (type of effect, magnitude of negative consequences) (European Commission, 2001) and (b) scientific evidence of an adverse effect. The prioritisation of scientific evidence was carried out based on an expert assessment of the data quality of available literature (Tab. I). Applying the evaluation methodology and criteria of Krayer von Krauss et al. (2004) scores of three (very good quality), two (acceptable quality) and one (weak quality) were given for three quality aspects of sources: (a) proximity of the measured effects and indicators to real effects and indicators about which information is desired; (b) methodological design, mode, accuracy and degree to which empirical or expert observations were used to produce the data; and (c) data validation, statistical design, number of replications and spatio-temporal representativeness. The maximum scores per single source and quality aspects were summed up to achieve an overall rating that shows the present evidence of an observed agro-environmental effect.
Hence, based on the overall evidence of agro-environmental effects resulting from practice changes (Tab. I), among all identified effects the most-evidenced adverse agroenvironmental effects that need to be monitored (evaluation scores 8-9) might be persistence and/or spread of feral HT oilseed rape and volunteers, transfer of HT to wild relatives and decline in agrobiodiversity, and development of herbicide tolerance in weeds, as well as adverse effects on field organisms and/or soil bio-geochemical cycles. Other well-evidenced adverse agro-environmental effects (evaluation scores 6-7) include increased late-season herbicide drift and pollution, and implications for microbial and faunal activities due to altered agrochemical profiles, as well as implications of feral HT oilseed rape on neighbouring habitats. For a number of adverse agro-environmental effects, only little evidence is available (evaluation scores 3-5). These include impact on migratory species, changed quality of leaf litter, pleiotropic and epigenetic genome effects, horizontal gene transfer of HT to microorganisms, and implications for soil bio-geochemical cycles.
Priorities for monitoring adverse effects may vary regionally due to differing ecoregions in the EC (Kropff et al., 2001 ) and they will also depend on regionally differing value judgements of environmental damage (Devos et al., 2006) . Other criteria, all of which may differ regionally, could also be applied to prioritise monitoring requirements. These are, for instance, (a) the probability and/or uncertainty of the occurrence of an adverse effect (Krayer von Kraus et al., 2004) , (b) the convenience of including monitoring networks already established (Graef et al., 2005b) , and (c) the practicability of monitoring and measuring specified indicators (McDonald, 2003; Stein and Ettema, 2003) . These, however, have not been included due to the aggregated level of this review. Note that, legally, poorly evidenced or uncertain adverse effects must also be included in the GMO monitoring (European Commission, 2001 ). Examples include those adverse effects which (a) occur in a delayed fashion, for instance, transgene spread into the wild (Crawley and Brown, 2004, Wilkinson et al., 2000) ; (b) happen rarely, for instance, horizontal gene transfer to soil organisms (Nielsen and Townsend, 2004) ; (c) occur indirectly, for instance, tri-trophic interactions (Schuler, 2004) and reduction of farmland birds (Benton et al., 2002), and (d) have not yet been foreseen (Hails, 2002; Wolfenbarger and Phifer, 2000) .
Conservational aspects and obligations may also drive monitoring priorities. For instance, adverse GMO effects on the European Natura 2000 network areas protected under the Council Directive 92/43/EEC (European Commission, 1992) or on other ecologically sensitive regions may be judged as more important than those on intensively cultivated land.
Knowledge about adverse effects of HT oilseed rape cultivation can be conferred to other HT crops if practice changes coincide. The monitoring requirements, however, by all means must be determined on a case-by-case basis (European Commission, 2001 
